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The Effects of Flumazenil and Verapamil on the Relaxation of Midazolam
in Isolated Guinea-pig Tracheal Smooth Muscle

Shin Ok Koh, M.D., Ki Jun Kim, M.D., Won Oak Kim, M.D.
Seong Min Cho, M.D. and Myoung Ok Kim, M.D.

Department of Anesthesiology, Yonsei University College of Medicine, Seoul, Korea

Background: Midazolam relaxes airway smooth muscle. The aim of this study is to evaluate the influ-
ence of flumazenil or verapamil on the relaxation effects of midazolam in tracheal smooth muscle of
guinea pig.

Methods: After isolating guinea-pig tracheal preparations, the maximal tracheal tones were induced
by 2 X 107 M carbachol. When tracheal tones stabilized, midazolam was added cumulatively(lOé, 3x
10'6, 107, 3x 107, 10 M, n=14) with or without flumazenil(10® M, n=15) and verapamil(lO's M, n=13)
to obtain the concentration-relaxation curves, and then the EDjo and EDys calculated.

Results: Midazolam decreased maximal tracheal smooth muscle tones in concentration-dependent
manners. Pretreatment with flumazenil had no effect on the midazolam-induced relaxation. Verapamil
enhanced the relaxation effect of midazolam.

Conclusions: Midazolam relaxes airway smooth muscle and has synergistic effect with calcium
channel blocker, verapamil. (Korean J Anesthesiol 1998; 34: 1~4)

Key Words: Airway: tracheal tone. Anesthetics, intravenous: midazolam. Animals: guinea-pig. Muscle:
smooth muscle
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€ YA¥ez Afsle] do] BA o, 374 WA
49 dFg EebAl @9 BEH(T mmXx5 mm)
2 13l

1% EHe] guhe- AR Fol AL el A
o 7]ol] strain gauge transducer(Grass FT03, USA)
AAAIZ} A1 £A4 stk A2 dAsto
Krebs solution 25 ml7} Eo¢] 9+ organ bathol] 4%
o7 upgho)] A AFH ). Organ bathy 37°CE §-A|
St 95% 0.9 5% COF Eto] HEE slcth
Krebs 89 z=A)2 c}23 7kc} (mM/liter: NaCl
120.7, KCl 5.9, CaCl; 2.5, MgSO, 1.2, NaHCO; 15.5,
NaH,PO, 1.2, glucose 11.5). 7} EH ol FXHA #Ag
£ Grass model 7 polygraph(Grass medical instrument,
UsA)ell 71533ict. zH 288 15 g9 &7 #¥
£ AT 087 FYL olFEF Tk A% ¥
o 2x107 M carbamylcholine chloride(carbachol®,
Aldrich Chemical Co., USA)& Fo3le] 5XA 29
ol Hulzh A itk Midazolam %ol Zn=14)
10°, 3x10°%, 10°, 3x10%, 10* M 7}A12] midazolam
(Domicum®, =24, Y3)g 208 Aoz T3
2% F 7 $EoAY $HY 3 ASea
t}. Flumazenil A 5-oF(n=15)- flumazenil (Anexate
® F.Hoffmann-La Roche Ltd, Switzerland) 10° MY
Eolgt t}e, 3083%F 2x107 M carbamylcholine
chloride Fofste] FHA #AHe] Hd7t =HA ¥
¥, midazolame F3 %o}3l9r}. Verapamil 3 F-of
Fm=13)2 verapamil(0]£®1®, Y4Ak, &) 10°
M 23l the 158% 2x107 M carbamylcho-
line chloride Fojdle] FHA el iz}l =A
& F midazolamg F3 FAsct. o3 Al A
YE 5l7] Aol BE ZEEL 158 1H2E Krebs
solution A48 Z}z} 33 A¥sigich. CarbacholE
$=3 A JBPLZ3Ye) dlste] midazolamol]
ol ol JWHHTAH vQ o] L (relaxa-
tion percent)}& 7o, I FES HFLEFL
ZHmean+SE)E Xt {53 o siAEY
TAHE 50%, 95% HAATF= FEQ EDso, EDost
four-parameter logistic equation®.Z Fatc®, z+ A
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1) Carbachol2 AFHAIZ 7|9y 7]|3#3%
2%l dl3t midazolamT 9 flumazenil
AR AZ, verapamil AN X F2] o]z}

Midazolam-& 10°, 3x10%, 10%, 3x10° 10* M&
FAEo] o) wel 25X 2]FF (concentration-depende-
2o g o] A% rHp<0.05). Flumazenil Z 2| x|3}
verapamil A A X] Fol| A1 & midazolam®] F %ol vlss}
o] o] 2= drHp<0.05). Verapamil Ax]x]F& 10° 3
x10° Mol|4] midazolamFXE )l o]2kgo] 22U
=4keH(p<0.05)(Table 1).

2) Carbachololl 2]3] #-X9 7l\y¥ 7l#3¢
2ol |3 midazolamg I flumazenil
AAAZ, ANANZS  EDSO,
ED9S

verapamil

Midazolam-2] EDsox- 33.6+5.7 uM, EDgst= 585.9

Table 1. The Effects of Midazolam and Additives on the
Relaxation of Guinea-pig Tracheal Tone Induc-
ed by 2x107 M Carbachol

Concentration Relaxation(%)

™ Midazolam Flumazenil Verapamil
pretreatment  pretreatment
(n=14) (n=15) ®=13)
10° 40+1.4 24+1.1 12.1£1.6%
3x10° 92%13 81+23 22.8+2.4*
10° 244+37 20.1+2.9 34.0+32
3x10° 51.1+38 46.1+4.1 60.5+5.1
10 90.8+3.2 82.7+3.4 934423

Values are expressed as mean + SE.
*: P<0.05 Midazolam group versus Verapamil pretreat-
ment group.
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Table 2. The Values of EDso and EDys for Guinea-pig
Tracheal Tone Relaxation of Midazolam and

Additives
EDso(UM) EDgs(UM) n
Midazolam 33.6+57 5859+160.8 14
Flumazenil 46.8+8.4 972.7+305.7 15
pretreatment
Verapamil 198+3.0* 3434+ 883 13
pretreatment

Values are expressed as meant SE.
*. P<0.05 Midazolam versus Verapamil pretreatment.

+160.8 uMolicl. Flumazenil X X132 EDsp:-
46.8+8.4 UM, EDos: 972.7+305.7 uMo|th. Vera-
pamil AH%)Z2] EDpk 198+3.0 uM, EDysi= 343.4
+88.3 uMolgir}. MidazolamF 3} flumazenil 34 X
T Aol9] EDsoil EDgsi= 9)oiglis Alelzl gigich
Midazolam ¥} verapamil A X|F A}o]2] EDse:-
deogleE Ael7t Uk (p<0.05), EDost 2123l
£ Aol7b g1l ck(p>0.05)(Table 2).
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wlzcho|AlH 484 AAlolE PKI11952- %
ZA4 A flumazenil 2 F34 g9 27
A7} Y. PK111952-2 24 Z13HA= midazolam
9 JBHEE ojgudd By g uiAA
ged’”. B A7 e flumazenl AAXFE mida-
zolam$ Fosle] midazolam FHEFo 9] ojekH T}
o} vl Rkl Flumazenil 2] X)F) A% mida-
zolam®] FXol| ul#Hlsie] o|ftH L Jelytod,
AYMoF midazolamFErl o|AAIsL Ao}
FAAY 9o gt ol Hlzcde|AHA 5
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